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Final Tecdmical Repart Variable Speed Pan 
Drive Assemblyc Engine Cooling Systems. 

Liquid Drive Corporation, Holly;^ Micihigan 
Contract No. DA=^20'='018=ORD>»23658 
Dept, of Array Project No. PR61-125* 549-02-002 
No. of Page s 15 O rd Dist Project #602=>LWp»>8033 
This report covers designing« building and 
testing of a Variable Speed Pan Drive* fpefd? 
control automatic from 0 to approx. 4900 rpm 
governed engine coolant temperature. Unit 
includes a fail safe device whicAi oper^ates tlvs 
fan at m*vj|wi«Tn speed in the event a oe^trol 
failure, unit also includes a deepwaier ford» 
ing switch t© redue® fan speed wher engine 


'coiipartnent is flooded. Directicm of rotatic^ 
is eofunter-^clockwise reviewed from output end. 
Tests perfMRaed on unit included a functionil^^ ' 
dheOk cn speed Bp^latlon« declut<dting*. ,,fa;IU^ 
8afe>'’''devioes and luiep^ 'water fordii^ switch';;''. 

'' Ail"'these" tests were' 

using a 1765 rpm electric noter. A high speed 
test of approx 4800 irpra was also made to assure 
satisfactory operation at elevated spc»ed. 

Results obtained from above tests Indicate 
that fan drive will perform satisfactorily but | 
final evaluation is best obtained by operating 
under actual engine eanditions. 
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Final Teslmieal Report - Variable Speed Fan Drive Asseisibly^ 
En§i».© Cooling Systems „ 

Liquid Drive Corporation^ Holiyo Michigan 

Contract K©, DA™20-0i8-©RD-23658 

Deptc ©f Atk^ Project H®» FE21-125» 549“?02-002 

KOo of Pages 15 Ordnance District project #6O2-X.WD-8033 

1?hie r©g©rt coyers designing^, building and testing ©f a 

variable speed fan drive.. Sp3?®d ©antrol automatic fro® 0 t© 

approssimetely 4900 rpa governed by engine coslasat temperatureo 

Unit includes a fail safe device which operates tbs fan, at 

maximum speed in the event of s control fsilur®o Unit als© 

includes a deepwater fording switch to reduce fan speed when 

engine, coaapartrassit is floodedo Direction of rotation is 

counter'■•■'Cleelswise vieiv'ed fro® output end, 

•» 


Tests perfonaed ©n unit included a functional eheclte on 
speed Eiodulationc declwtehing» fall safe devices and, deep 
water fording switch operatiosio All these tests were perform??;* 
using a 1765 rpra electric motoro A high speed test of approssi- 
mately 4600 rpm wa.s also made to assure satisfactory operatioii 
at elevated speed. 


Results obtained from above tests tedicate that fan drive 
will perform satisfactorily# but final ©valuation is best 
obtained by operating under actual engin® conditions. 

Prepared by H. E, Ressler 
August 13# 1962 
UHCLASSZFIEO 





ho Design, fabricate ®n<a test a 3.iglit waiglit variab3.e speed. 

Liquid Drive for the fan drive asseiubly of light weight 

highly mobile combat vehicles« 

1» The liiquid Drive fan assembly to ba interchangeable 
v;ith the fan drive asssafoiy shoim on ordnance draMng 
iJumber DTS.‘®90?10e 

2o Th® Liquid Drive t© fee rated @ 70 hp input @ approsei™ 
mately 5060 r|®ft input epeeda 

'■'3o The Liquid Drive fasi drive assai^ly to incorporate the 
features as followss 

So Speed modulation £r<m 0 to mascimtM speed of appro^i^" 
mately 4900 rpa Callowissg for 35S Liquid Drive slipo) 
bo Fan rotation to fee couat®r“»clo®1twise viewed frcsa 
output or fan end, 

Co Autosoatic control of fan speed depending upon 

engine c^laat t^^raturs ©f 17^-230® F, and any 
€mgiim speed <600 2200 rpm,) Fan speed to reach 

maxisnusB speed at coolant t<^peratur3 220® F, and over, 
do Fail<^safe protection to fee ijei^rporated t© aOhiov® 
massimum £aa speed in event of autosiatic ooBtrol 
failure. 

Co. Deep water fording switch location beneath fan to 
reduce fan &p&e& to rero when engine cmpartment is 
flooded,^ 

fo Ltsbricatiosi, Liquid Drive aad control valv© supply 
to be received from oil supply of main engine, 
go ■ A service life of five feoandred <500^ hours at full 
capacity in an euvirosu^nt of 130® P,, asabieut 
t^s^raturuo' 


Ao Design 

lo Liquid Drive sised im accordance to fan rating and 

available input spsedo A size SFM4-205 <8,120'’ profile 
dia) was selected, Esepact psrfomaucs will fee 97% 
efficient at full osupliug, 

2o Liquid Drive Ass^bly consisting ©f housing, rotors. 


V 


controls„ eta. drsoignec?., detailed and eliecksd. 

3. Direct.Ion o^f rotation c^^aaged from clocted-se to counter 
clocto^iso rotation* AsseiTibly and cetail drawings cliange^..- 

accordlngly. 

^ 4, Details released for fabrieatlon and prom&m®nt^ 

B« Fabrication and Assenbly 

Cwm.ced fabrication of nsco.'ssarf tooling t@ facilitate 
fabrlcatiOB of details* 

2o Initiated frccttreaent of “gt!s.rcl?.assd cospoEents"* 

3,, CosHffieBsed fabrication ©f details* 

4e C^pl®ted fabrication and prosures^nt of details* 

So. Ass-8ffibl©d l.l®sid Drin'a A9B©ai!3i'f , 

Cs .Fmctibsal. ®ast© 

1* , ©isaeral A©^®:Ct@ , 

* ' XsJt accosrdatjce wifii tbs oo^tmct®ral agres^enc^ ©nl^ 

fm-icfeiojaal tesfte will be psrteasd at tbe 
- •Bbes© teste will b© at srefeeed speed Capproaeimately ITbO 
rpa«> teten'si^e testa and final evaleation will be corn- 
ducted by tin® ©rfeanse fanfe Autesotiv® Gossmand* 

'2o Tefift Stand 

h test ©tend was designed and constructed t® drive tb.e 
Diqnid Dr-iv© at 176S rps* h stelsted coolant cirenit 
wa® built up t@ provide temperature input to control 


to ©il Slmi ©f I gpB © MO® Fo ©sd IS FSS p®f®ssmt® 
used t@ supply oaupiteg and ©ontml valva* Cities 
Service ISO T ©li 'was iised^ Water feab© load egnivalent 
to 3o© to © 1765 rp3* 


4 o DecMtcb Test 
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is less tl-tasj 200 ^ Foe tfes? 

pnt shaft ©f the Llcjuid Ux'^ive is 0 t.at.io 3 Ra.rcy © 5 ? is. a 
"deeliitehad" p®sit.l©no Wliem mstor is first started the 
©utpat shaft vrlll rotate usttll c©r'.t*cr«l pressinre is 
8 ii!ffi©i.es>t to decluteh the xhiitto 


5o Speed Eegulatioa T®st 

Wmn th® eoolmt temperat^ar© is ia excess ®f 200 Fo,^ the 
©at|wit shaft will rotate,> reaehisig a sRa-xisstsm speed of 
1720 @ approxteately 210 ® Fe. 

*3^1® will cositime to Tan at maximsm sp«)@d mtil 

cstwlasit temperature is lowered to approxiraately 200® F,, or 
heloWo Wim. temperature reaches sippsrmr:imate3.y 180® Fo th-;’^ 
©ut^jt shaft will ©©as® to jrotat.@e X»t@K®©diate 
eratures result in intermediate @p®®dSe actual spsed 

t© tejaperatur® relationship will vary s,light3.Y with 
supply and eosstr®! @il tasperatwre and pressure o 

By r^soving the low temperature sensing feuife from the 
coolant circuit Csisaulating a sensing teulh ©r capillary 
tufe® failure) and raising th® temperature of th© C 3 ©.l&?it 
to 230® a BtaKiKusi speaid ©f 1720 rgsa was achi®wd„ 
t®a^®rat®r® w®® lot^red t© 21C^ Po th® liquid Drive 
declutchedc 

6« Deep Water Fcrdteg Switch Test 

With an output shaft speed ©f 1720 rpa„ th© @l®ctr©de 
tip controlling th® s<Dl© 3 »id valv© wa® plungfiid im water/ 
resultis^ in a declutch in 30 sscandso 

7o Pail Saf® T®@t 

Simlating a control vali?® failure,, tey elosiag ©ff th® 
control su^ly resulting ia a pressure loss t© th© 
control valve« th® return spring ©©stained hi the sm©p 
tufes bl©^ caused th® Liquid Drive t© ©perat© at 1720 wpm 
regardless ©f m©3.ant t^p®ratur©o 

60 Min.isBuia Slip Test 

With a coolant temperatur© ®f 210® Po an output speed @f 
1720 rp® was achievada An. efficleacy ©f 97o3%o 

» MaxiHura Sps^ed T®®t 

/• 

BFI44'^-205 L.if|uid D.^iv© and, test etassd asseialijly setup with 
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25 hp @ 1750 rpT, elec’^trie Kot<?>r 9«4 PoO, slf,eav© 

or dsTlving steft aad 3«4 sheave ©a driven, shaft, 

hoad 'v/as reiEwed from v?afees: brake a A speed of 4800 rp® 
was acliic'ved, Ras?. to check, fez u?!ibala!S,c®soo©p tisbc' 


acfcuatlosnt axid flXlteg chazacte-zlstlcse 


10o Xtl.q^sld Drive with Fa.itt axid Fsb SbzoQd p®zf©ZEiawcs© Test 


Removing tb@ water brake sM substiti^tisjg fasi Dm-64333 
affid fas?. 8to©wd DTA-64334 with a supply oil flow ©f 1 gpa 
is 140® f«e a eoolaat; temp#:ratur© ©f 210® F, as?,d asi tepist 
sp®®d of 1770 rpp.,-, tb® output Bpmd was 1725 rpsn ©r 97 » 5% 
©fficieato 

h%®i» flood c^i!itz©l el©ct?f®d@ was ©ubmerged^ ©utpat 
sp^ed was reduced fro© 1725 rg® to SOO rpsa in 10 secondso 
Wm eoatiaued t© wltadaill at appze^teatsly 300 rp«o 

Sp€t®d SGodulatioa p©issts sass© ae ^®vi@us tests. 
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As Liquid D3fiva Rati^ 

lo Puaetional tests with proay brake and with fan indimte 
the efficiency of the Liquid Drive {at full csoupling) 
to be within predicated values o {approxlsiately 97% 
efficiency ,) 

torque transmittinq capacity of the Liquid Drive 
and the torque requireaaents of the fan are j^oporbional to 
the square of the speed. Consequently the perfossaancs® 
obtaiLned at reduced speeds, sudh as those used in the 
functional test proqra®, is isidlcative of what can fee 
pected at the rated speed, 

B, Control Systeea 

1, Functional tests of speed versus tmj^rature regulation, 
fail safe and deep water fordinq provisions indicate 
satisfactory operation, 

Xt should be pointed out that the ability of the 
control eystsot to requXate the Ll<pald Drive output speed 
as a function of coolant tes^rature is dependent on the 
charact^lstics of the coolant systea in the actual ap^ 
j^ication, ^Rserffial inertia or teg^terature lag of the 
^lolant systen laay result In a low frequ^c^ s;g^®d vari«’ 
ation that laay be objectionable. In this event it my be 
iseeeseary to aiodil^ the control systesa, 

2o We also would like to point out that it laay be desirable 
to locate the low temperature sensing bulb at radiator 
exit to engine and secondary or high temperature sensing 
bulb at engine <nelt to radiator, would undoubtedly 

require different temperature range bulbs than those 
existing on imit, 

3, Xhe deep water fording switch solenoid valve is at 

present mounted directly on the Liquid Drive sump, but 
could be srelocated, 

4o With fan assCTibled on Liquid Drive output shaft. When 
unit is "declutched’’ by deep water fording swit^, th® 
fan will "windnill” at approximately 300^350 rgaa with a 
1 gpm oil supply to Liquid l^iv®, More or less flow 
will result in greater or lesser fan speed, xf the 
"winteilling" i® undesirable, the supply flow to th® 

Liquid Drive muld b® by'^-passed, ®his could be 
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ecaT.pIls’ied, toy use of a. Bo.lejs.rjM vals.ye sitsilar to tfee 
esp v;site.t fordisig c’v-,''itcl3 de"/ice.. 


So ®he jROcluXatioo sre.u.g© ©f tfee oojatto.l vsilve is set fc© stasfc 
ipJtlai rotation at approximately 200*^* We, readh.l&g maxo 
speed at 210® We„ liold speed t«* approxisaately 200 '' Fo, and 
iR^d^alate d^wiwards^so apjarextotsly X80® F* 

^ adjustment in tfce laodulation ran^® TOy bs 

K?,ade fey adjusting tb® 5»o^'>3S' Bps-©! of th® e©atr©X va3.v©e 
trials is aeoospXial&ed by XQ^.>ssaigig jaas nut and turning 
sX-es'i.r® eXo^wis® f©J? lower teaperatur© rang® ©r ©ouster- 
©ioskiv’ise for bigber teispsratera ran§®„ r®tigbt«n «t» 


6e ffe sr®eQ8E!5a®Bd us© ©f a ^essur® r©gu3,at©r ar® 

furniBbtng 30©®%! or equivalent to Tsm testaXXed 

ija tli® 6®»l3f Xin® ahead of the msitrol valve and ad«* 
justed £@r X5 FSX oil pr®©sur@o 
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to Xiiqtjid D.rive Siz& SeXecstioa 

So Fan Rating3 75 hp © 7075 rpm* 

®'K©teg 'Sfhis is not- oonsistant vjifh engine speedo 

ho Inpnt spsed to I^iqviid D^iv® @ 2200 rpra 
Kp = 2200 5? 2,3 ® SOSO 

Co Adjusted Fan Eating 

to hBBmaB 3Sfi jainim® slip tijres Xtigaid Dsriw? 
tte&efosr® fan sp®s<S (sias) Vj'ilX 
Ks Mas = Kp io^l} » 5060 C,97^ 4900 sepxE 

2o Adjusted Faia Rating {actual) 

Stee© mastesssi fan speed is 4900 rpm. 
fan hp © 4900 rpaa » = 67,5 hp 

say hp » 68 ® 4900 

d. Retired input hp to X>iqa5-d Dniv® 
fan lip » 68 

Assusftsd Iji^aid Difiv® ©ffici©n«:sy m 100 % •»% slip, 

“ 100 -^S » 97% 

HP in^t ®! fan lap » ** lap 

©ff, ,97 
100 

e, X»l<^id J3Ti\^. Sis® 



\100/ 

O «= Profile diameter ©f Liquid Briv© in laeters 
K SB Pr©p©rti<$aality factor rslatisg Liquid Dri'-sy® 
perfo^sane® to slip, Fr®B ®:Kfiari®aci® at jssasE, fills 

% slip s 2K 

Kp « Ma:s, in^mt speed rpa 

For 3 % slip K ®.. 1,5 colvisg for P istA®a lip input «« 70 ^ 
Hp ^ 5060 and 1C S2 1,5 

“ l^ti» input Of 70 

/ C50c6])3 ilo&f 

uoo y 

D® sf ,000361 {slid® rial® aseuracy) 

P e= ,2©4S asters ©r 8,05” C^lide ral© aeeiarac^’^l 

S®t ffir@fii© diameter at 8 <-, lg-" 
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Sc. Ait®lysis 


A, G-eraaral 


iQ >*’" 


tF 


ff^Wr 


Bearing (a)) a,sms 0 fet«sE fss tfervist/, fc;® %'®igfetr, 

Bearing (b) aaafsssdates Licpi^ Brive tMsiiBt, radial 
«5'SEap©sies.t;s of. fsEi weiglvta 

Bearing ie} ®«<i'^a©5.ate?'0 radial es©:^,pRn©atE ©f fan weigMi 


As gi?,E2gt teas 


i. Fan SO-# 

2o Ijiqe>id n*iS:.igTst« Beglififel© r©lattee t© 

»s?,d teeas'ing ciaitncitteSo 

3o load ©f fea Osteen ©iaislrc^ly bg’ bserist-g “a” and 

tbat tbis bearing in ad©t|ea#el.y Rlsed sin€!© it is th® 
identical tesarirg nss-i is. s»!?©vi-mis frisstten cteteb 
agglicstten c 

4.., Driv® &'hM:.t-t is %-:®ll fitted tet© bs'??©! g-asir 'OJ’itli a 

Ktetess of Eisaligrffie":t% g«ar b©?-ri».f ^?iil tb®n 

e'ag^gsj'SiS; tbis o'bsft ©'ado 

So Bearing "<?” in tb© cjrlgtoal frictTicsB cXnt©b spplr€sa1r.i©s: 
was a. 620S wltli a dynas.i® «af;.scit.y ©f 5050 par BKF« 
baaE'ing was e^b.angscl to a 6307 witli a dynaraics 
capacity of 5750» ^a?» bearing will b&o virteally tlie 

sasj© loads as g?Kprfxi.©.^"H?!ed ia tb® fe’ictio'i clntiga 
application? tlicretere it w,'S asBnmsd tlsat tbs stafe- 
etitntto of tb® 6307 b.®®rteg is pe^Jieissable ar&d 
ad®<^at© f©r tbis ®.pplicat..l©nc. 

Bo bife ®f bearing “b'' 

lo F.adial reactioiR © "fe" 


s= 50(Ji?:®|SW: 39 „ 6 say 40# 
\^3o3.i2y 
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2o Thsfust Due to Liquid Drivo 

From oKparience expected tlsruet «= 425# 
Fa = 425# 

3« Bearisig Life 


Bearisig Size 630S 

Bquivaleat load F = .37 (V) (1^) + Y Fa 
(ref SKP procedurel 

F » .37 (1.2) (40) + 1.25 (425) 

P « 17,8 -}• 532 + 530# 


D^faasaic bearing capacity C « 3630 


£ 

P 


3650 

550 


6.6 


Bearing '’b*^ operates at 1? « Np Efs or tbe difference 
in speed bstwesE tbe input as%d output abaft, Ass«^ 
this differeatial speed to be 3400 rpoi (conservative.) 


B-10 life per SKF tables is 71000 brs? 
therefore bearing "b" is suitable 


3o General Design 


lo A sma outer housiBg to contain the Liquid Drive rotors 
vas designed, maintaining the same mounting base, 
mounting flanges and holes and drain as previous housing, 

2o Inp^t and output shaft extensions are same as existing 
fan drive as8ei!ds>ly, 

3 c l^ilised existing cover DTA<^4183 and studs 0TA '64339c 

4c Description of Operation Control System 
(Keference control system schematic) 

a. Prior to engine start pilot stage is open, main stage 
spool is in extreme right position, scoop tube is in the 
maximum speed (clutcdi) position, 
be As engine starts and oil pressure is developed, oil is 
ported thru main spool to rod end of actuator de*^ 
clutching the Liquid Driveo 
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Co tiJli'iea engiJi® c<o©Xaiat. tesapexatiyisre raJ^ses to apj>r©%ijfiat©ly 

170 ^’ 180 ^ Fo pilot sta^© cpool cssksesssssss to raove t® tli® Isft". 
CatSSiSl^ fell© pSTSSSTSS"© (liSJ?©!!! fe©^Hl®d. "COItifeE'Ol p^©S53<>i^©’) i® 
tli© fluid systera dovM sfeseam of felt® orifice to build up ia 
acc®rdaaca witb pilot sfeag® spool p©S3.tioao 

do AS “coaferol pressure" builds up it acsfes agaisssfc fell© right 
haad end of the raaisi spool causteg the mala spool t® shift 
to the left which ia turn eaaroences t® discontinue th® 
supply of oil to the actuator "rod ®sid" and t© introduce 
oil to the actuator "head end"© Tiius the swop tube is 
caused to teegin its utovesaent froja th® declutdhed position 
towards the clutch position and as a result c©hski@bc© to 
bring th© fan up to spsad© 

©o As the fan cOTmences to Ic^er th® caolanfe teaperatur® th© 
pilot stage raacsfee to lower the control pressure to cause 
the fan spaed to daereasao 

fo A dual reliability feature is provided by a standby pilot 

fltageo 'This stage is normally im»p®rative unless th® nonaal 
pilot stage fails© She temperature setting of the standby 
stag© is slightly higher than the normal pilot stage so as 
to not interfere with the operation of the latter© 

g, A flooding device is provided to declutch the fan in the 

event the fan ©ompartaaent oaHOBences to fill with water© Shis 
is'acconplished by a solenoid operated (normally closed) valve 
that upon opening vents th® pilot stage system (reducing 
control pressure) and allows the main stag® spool to be r®"^ 
turned to the eaetresae. right positi©®,© Shis will bring about 
rapid declutching of the Liquid BrivSc Ihe solenoid valve is 
energised by an electrical signal received via a relay from a 
water sensitive probe©' The probe will te® located in position 
to detect the presence of water* 

ho The variable orifice is used to throttle pilot stag®, flow so 
that oil consumption can be■conserved and to facilitate th® 
function of the flooding device© 

io The'control ^stem utilises a doubl® acting actuator s© as fe® 
have maximum force potential to move th® scoop tube in either 
direction© , 

jo The' maximum'pressure required to ®©v® the main stage spool to 
th® extreme leffeo against its return, springs is less than 
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15 PSlo LikctWise th© massimura pressure required fe© desluteli 
the Ijiquid Drive (iq©v© th® scoop ti&e t© the e^reKs® right} 


is 15 PSI„ 
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FIOOD CXINTROL WIRING DIAGRAM 


+ 



INSTALLATION; Mount controlbox vertically and position 
electrode fitting so the brass tip inside the pipe shield 
is at the level at which the solenoid valve is to be ener¬ 
gized to stop the fan. Small circles on wiring diagram 
represent terminals provided for external connections. 
Collect the + and - terminals to 24 volt D.C. supply, 
being sure the polarity is correct. Connect terminal 3 to 
the electrode, and terminal 4 to a positive ground connect¬ 
ion on the pipe electrode shield. Connect terminals 5 and 
6 to 24 volt D.C. normally closed solenoid valve. 

OPERATION; The relay will be energized to open the sole¬ 
noid valve when the level is above the electrode tip and 
deenergize to close the valve when the level is below the 
electrode tip. 
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